Introduction {#s1}
============

Headache is a common neurological symptom that has been recognized as a significant health issue. A study in 2008 found that 47% of the adult population had an active headache disorder globally ([@B1]). Recent data from 2012 National Health Interview Survey reported that 14.2% of US adults 18 or older had migraine or severe headaches in the previous 3 months ([@B2]). From 2009 to 2010, headache or headache pain became the fourth leading cause of visits to the emergency department (ED), and opioids were administered at 35% of these ED visits ([@B2]). Clearly, headaches account for loss of quality of life and work time and pose a significant burden to the individuals and healthcare system.

The clinical efficacy and safety of Onabotulinum toxin type A (BoNTA) in treating chronic migraine were previously demonstrated in the PREEMPT (Phase III Research Evaluating Migraine Prophylaxis Therapy) randomized clinical trial ([@B3]--[@B5]). The injection protocol of PREEMPT trials involved intramuscular administration of 155 U of BoNTA in 31 fixed-site, fixed dose injections across seven head/neck muscles every 12 weeks. These muscles include the corrugator, procerus, frontalis, temporalis, occipitalis, cervical paraspinal, and trapezius muscles. With a follow-the-pain strategy, an additional 40 U or maximum dose of 195 U can be administered into occipitalis, temporalis, and/or trapezius in one or both sides depending on location of reported predominant pain ([@B4], [@B5]). BoNTA\'s exact mechanism of action in headache relief is unknown but likely relates to inhibition of peripheral and central sensitization by attenuating neuropeptide and neurotransmitter exocytosis from peripheral sensory neurons ([@B6]). Experimental animal studies suggest that BoNTA can block calcitonin gene-related peptide and substance P release in response to noxious stimuli ([@B6], [@B7]).

Indications of BoNTA injections for other headache types are being explored. For instance, a randomized placebo-controlled trial of 300 patients demonstrated that BoNTA did not work as a prophylaxis for chronic tension type headaches, which may be explained by differences in protocol from original PREEMPT trials ([@B4], [@B5], [@B8]). In this study, patients received 10 intramuscular injections across 5 muscles (frontalis, sternocleidomastoid, upper trapezius, splenius capitis, and anterior temporalis) with the total BoNTA administered ranging from 50 U to 150 U ([@B8]). However, a 2015 retrospective chart review study performed on veterans with post-traumatic chronic migraine headaches demonstrated significant improvement in severity and frequency of headaches with BoNTA treatment ([@B9]). Currently, data is lacking in assessing the role of BoNTA in treating other chronic headaches. The purpose of this study is to evaluate the role of Onabotulinum toxin type A in treating multiple, chronic non-migraine headaches.

Patients and Methods {#s2}
====================

This is a retrospective chart review of 717 patients who had received BoNTA injections at University of Missouri Hospital from July 2014 to June 2017. To be eligible for inclusion, patients must have either a single non-migraines headache type or mixed headache types not including migraine that met the 3rd edition International Classification of Headache Disorders (ICHD-3) diagnostic criteria ([@B10]). Based on the headache type selection criteria, 59 patients qualified. They must also have chronic headaches, defined as having more than 15 headache days out of 30 days ([@B4], [@B5]). Additional qualifications included experiencing headaches 4--6 h per day and having received and failed the appropriate first-line treatments for the underlying causes of secondary headaches. For example, patients with obstructive sleep apnea headaches typically receive BoNTA treatments for persisting headaches and endorsing apnea-hypopnea index of \<5 after having non-invasive CPAP ventilation for at least 2 months. Patients also needed to have failed at least two prophylactic treatments, meaning that they did not respond adequately to the prophylactic treatment either because targeted dose was not reached due to side effects or there was a lack of efficacy despite reaching the targeted dose. Given that patients took prophylaxis as needed and that this was a retrospective study, data on dosage changes of prophylactic treatment were not available. Patients were excluded from the study if they received \<6 months of treatment or equivalent of two BoNTA injections. Previous studies suggested that 10% of a group of patients, who initially did not respond to first injection, did benefit from the second injections ([@B11]). A total of 39 patients received BoNTA injections as an off-label clinical treatment on these selection criteria. However, given the smaller sample size of several single and mixed non-migraine headaches, only 24 patients with four different non-migraine headache types were included in the final data analysis ([Figure 1](#F1){ref-type="fig"}).
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According to the PREEMPT injection paradigm of fixed-site and fix-dose injections, each patient received 155 U of BoNTA at 31 intramuscular injections across seven specific head/neck muscle areas every 3 months ([@B4], [@B5]). To avoid BoNTA spreading to undesired muscle groups, patients were instructed to not rub the injection sites.

Basic demographic data, including age, race, and sex, were collected from self-identified information available on electronic medical records (EMR). Previous clinical diagnoses of headache by physicians were categorized into primary or secondary headaches according to the ICHD-3 criteria ([@B10]). Reported associated symptoms were characterized as headache with migrainous features, including nausea or vomiting and photophobia and phonophobia ([@B12]). Number of prophylaxes taken before BoNTA treatment were recorded. Medications were considered prophylactic treatment if they were beta blockers, antidepressant (amitriptyline), anticonvulsant (divalproex and sodium valproate), topiramate, gabapentin, or lisinopril ([@B13]).

Outcome Measures
----------------

Efficacy of BoNTA treatment was evaluated by multiple endpoints. Reduction in headache pain was assessed by self-reported pain on a numerical pain scale of 1--10 recorded on EMR pre-treatment and subsequent evaluations at 6 and 12 months (if applicable). Reduction in headache frequency was assessed by self-reported headache days in a month from patients\' headache diaries and recorded on EMR pre-treatment and subsequent evaluations at 6 months and at 12 months (if applicable).

Descriptive statistics, including mean (SEM) and percentage, were used to describe the headache classification, associated clinical symptoms, and demographics reported in this study. Differences in outcomes were determined using one-way ANOVA multiple comparison analysis and Gabriel Students-Newman-Keuls post-test or paired *t*-tests and were considered significant when *p* \< 0.05. All statistical analyses were performed using Sigma Plot (version 12) software (Systat Software).

Results {#s3}
=======

Patient Demographics
--------------------

From July 2014 to June 2017, 717 patients received BoNTA injections after having failed at least two prophylactic treatments. Twenty-four patients with a single non-migraine headache type entered this study after having completed at least 6 months of BoNTA treatments and having a sample size large enough for statistical analysis. Baseline demographics were recorded ([Table 1](#T1){ref-type="table"}). Most patients were female (79%) and Caucasian (88%), and 96% of patients described their associated symptoms as headache with migrainous features: with characteristics of nausea or vomiting and photophobia and phonophobia ([@B12]). The mean patient age at baseline for female and male were 48 and 34 years old, respectively. Average number of prophylactic use prior to BoNTA injections was \>4.

###### 

Demographics and clinical characteristics.

  **Characteristics**           **Patients (*n* = 24)**
  ----------------------------- -------------------------
  **Age (years)**               
    Female                      47.58 ± 3.26
    Male                        34.40 ± 5.08
  **Sex**, ***n*** **(%)**      
    Female                      19 (79%)
    Male                        5 (21%)
  **Race**, ***n*** **(%)**     
    White                       21 (88%)
    Black                       2 (8%)
    Hispanic                    1 (4%)
  **Social**, ***n*** **(%)**   
    Smoking                     4 (17%)
    Alcohol                     4 (17%)
    Drugs                       0 (0%)
  **Migraine-like**             
    Symptoms, *n* (%)           23 (96%)
    Prophylactic use            4.17 ± 0.26

*Values are mean ± standard error of the mean*.

Out of the four non-migraine headache types studied, five patients used opioid to manage their chronic headache pain. Five data points were collected from these patients at 6 months, but only three patients had available data for 12 months. Opioid consumptions were measured in morphine equivalent units (MEU) at pretreatment, 6 months, and 12 months. Data on prophylactic treatments were not available for analysis.

Headache Classification: Primary and Secondary
----------------------------------------------

The causes of headaches are multi-factorial and can be classified according to their underlying etiologies. In this study, non-migraine headaches reported from 39 patients at baseline prior to BoNTA injections were characterized as primary or secondary headache(s) according to the ICHD-3 diagnostic criteria ([@B10]). Thirty-one patients reported having a single headache type, and eight patients had mixed headache types ([Table 2](#T2){ref-type="table"}). Only four non-migraine headache types had enough sample size (*N* \> 3) to be included in the final data analysis; they include post-traumatic, obstructive sleep apnea, cervicogenic, and pseudotumor cerebri headaches.

###### 

Headache Characterizations.

  **Headache types**                                     **Patients (*n* = 39)**
  ------------------------------------------------------ -------------------------
  Post-traumatic                                         11
  Obstructive sleep apnea                                4
  Cervicogenic                                           4
  Tension type                                           2
  Pseudotumor cerebri                                    5
  Chiari-malformation type 1                             1
  AV fistula                                             1
  Orthostatic                                            2
  Temporal arteritis                                     1
  Post-traumatic & Obstructive sleep apnea               2
  Post-traumatic & Tension type                          1
  Obstructive sleep apnea & Cervicogenic                 2
  Obstructive sleep apnea & Medication overuse           1
  Obstructive sleep apnea & Chiari malformation type 1   1
  Cervicogenic & Medication overuse                      1

Clinical Outcomes
-----------------

Despite variable results observed among headache types, there was an overall mean reduction from baseline in headache frequency at 6 months (6 months: 11.9 ± 8.4 vs. pretreatment: 25.2 ± 1.3, *p* \< 0.05) and 12 months (12 months 7.1 ± 1.8 vs. pretreatment: 25.2 ± 1.3, *p* \< 0.05) in primary and secondary non-migraine headaches ([Figure 2](#F2){ref-type="fig"}). Similarly, headache pain severity reduced from baseline compared to 6 months (6 months: 2.8 ± 0.4 vs. pretreatment: 7.0 ± 0.4, *p* \< 0.05) and 12 months (12 months 2.6 ± 0.6 vs. pretreatment: 7.0 ± 0.4, *p* \< 0.05) for all patients despite variable results observed among headache types ([Figure 2B](#F2){ref-type="fig"}).
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The efficacy of BoNTA in reducing headache pain severity was evaluated in four non-migraine headache types ([Figure 3](#F3){ref-type="fig"}). Post-traumatic headaches presented a significant reduction in headache pain severity at 6 months (6 months: 2.9 ± 0.7 vs. pre-treatment: 7 ± 0.7, *p* \< 0.05) and 12 months (12 months: 3.3 ± 1 vs. pre-treatment: 7 ± 0.7, *p* \< 0.05). Interestingly, pain reduction at 12 months was also less pronounced than at 6 months when compared to pretreatment. Similarly, compared to pretreatment, cervicogenic headaches had pain reduction at both 6 months (6 months: 2 ± 1.2 vs. pretreatment: 8 ± 0.9, *p* \< 0.05) and 12 months (12 months: 1 ± 0.6 vs. pretreatment: 8 ± 0.9, *p* \< 0.05). Pseudotumor cerebri also had a significant pain reduction at 6 months (6 months: 2 ± 0.8 vs. pretreatment: 6.4 ± 0.6, *p* \< 0.05) but not at 12 months. Similarly, obstructive sleep apnea presented with a decreasing trend with non-significance at both 6 and 12 months.
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The effectiveness of BoNTA treatment was further assessed in these 4 headache types using headache frequency ([Figure 4](#F4){ref-type="fig"}). All except for cervicogenic had significant reduction in headache days at 6 and 12 months. Patients with post-traumatic headaches reported 10.6 ± 2.3 at 6 months and 5.1 ± 1.2 at 12 months compared to 25 ± 1.8 pretreatment, *p* \< 0.05. Similarly, patients with pseudotumor cerebri reported headache days at 26 ± 2.9 pretreatment compared to 9.8 ± 2.5 and 6 ± 4, *p* \< 0.05 at 6 and 12 months, respectively. Interestingly, while patients with obstructive sleep apnea headaches did not experience significant pain reduction after BoNTA treatment ([Figure 3](#F3){ref-type="fig"}), they did report a significant decrease in headache frequency at 6 months (6 months: 12.3 ± 2.3 vs. pretreatment: 24.5 ± 3.6, *p* \< 0.05) and 12 months (12 months: 8.5 ± 3.5 vs. pretreatment: 24.5 ± 3.6, \< 0.05). Only cervicogenic headaches had a decreasing trend with non-significance although they were associated with significant pain reduction at 6 and 12 months ([Figure 3](#F3){ref-type="fig"}).

![BoNTA treatment reduced headache days in single non-migraine headache types in a time dependent manner. *n* = 2--11, ^*†*^*p* \< 0.05 vs. 0 month.](fneur-10-01009-g0004){#F4}

Five patients were prescribed opioids for chronic pain management. All had data available for 6 months, but only three patients had data available for 12 months. On average, data collected from these patients at 6 and 12 months reported opioid reduction by 67 ± 55.4 and 133.3 ± 106.6 in MEU, respectively ([Figure 5](#F5){ref-type="fig"}). At 12 months for patients with post-traumatic headaches, one patient maintained opioid abstinence while the other continued to deescalate opioid intake and was able to stop. Another post-traumatic patient who had no reduction at 6 months was able to reduce intake by 5 MEU at 12 months. Two patients, with one having obstructive sleep apnea and the other with pseudotumor cerebri headaches, reported no reduction at 6 months and had no available data for 12 months.

![BoNTA treatment reduced opioid use in a time dependent manner (*n* = 3--5).](fneur-10-01009-g0005){#F5}

Discussion {#s4}
==========

We found that Onabotulinum toxin type A was effective in treating multiple types of chronic non-migraine headaches. Patients treated with BoNTA demonstrated a statistically significant decrease in both reported headache days and pain severity, suggesting a significant improvement in patient functionality and headache tolerability. Specifically, post-traumatic and cervicogenic headaches demonstrated significant reduction at 6 and 12 months compared to pre-treatment in terms of headache severity. In terms of headache frequency, patients with post-traumatic, obstructive sleep apnea, and pseudotumor cerebri reported significant reduction at 6 and 12 months compared to pre-treatment. Furthermore, there was a significant mean reduction comparing 6 and 12 months of treatment for cervicogenic headaches in terms of headache severity and for post-traumatic, obstructive sleep apnea, and pseudotumor cerebri headaches in terms of headache frequency. These findings suggest that the benefits of BoNTA were maintained and enhanced by additional treatments over time. It is not clear why post-traumatic headache pain reduction was less pronounced at 12 months than at 6 months when compared to pretreatment. It may be related to the small sampling size or time frame covered.

Our results are comparable to previous studies, where BoNTA have mixed results with different chronic non-migraine headaches. A randomize, double-blind, and placebo-controlled crossover study of 28 patients with chronic cervicogenic headache found no significant difference between BoNTA and placebo in terms of headache frequency and severity. These results may be partially explained by differences in injection protocol, where a total of 100 U of BoNTA were injected into occipital muscle, upper trapezius, splenius capitis, sternocleidomastoideus, and levator scapulae. ([@B14]). In comparison, a retrospective chart review of 64 patients with either primary or mixed chronic post-traumatic headaches reported benefits with BoNTA injections. In this study, 40 patients received the PREEMPT injection paradigm of 155 U BoNTA injections across 7 head/neck muscles, and additional injections for a total of 200 U were given for 11 patients with cervical dystonia and for 9 patients using the follow-the-pain technique. At the end, 41 patients reported feeling better ([@B15]). Additionally, a case study of a patient with chronic post-traumatic headache resistant to oral treatments also reported headache improvements 5 days after local injections of 22 U BoNTA into frontalis and corrugator supercilia muscles and remained symptoms free 10 days after treatment ([@B16]). Thus, the effectiveness of BoNTA in treating post-traumatic headaches suggested by our study is consistent with literature, and this has significant implication as headache is the most common symptom of both traumatic and mild concussion injury ([@B17]). Recent longitudinal studies reported the incidence of post-traumatic headaches to be 71% in moderate or severe traumatic brain injury and 91% in mild traumatic brain injury ([@B18]). Given that most research reporting benefits of BoNTA in post-traumatic headaches were prospective and retrospective studies ([@B17]), the effectiveness of BoNTA in treating post-traumatic headaches need to be further elucidated with randomized controlled studies.

Furthermore, the distribution of headache types demonstrated good correlation with patient demographics reported in this study. Migraine, for example, has a distinct female bias. Sacco et al. cited that the 1 year-migraine prevalence is 17% in women compared to 6% in men ([@B19]). Moreover, the lifetime incidence of migraine is reported to be 43% in women compared to 18% in men ([@B19]). Given that female patients made up 79% of this study population, the predominance of migraine headaches reported is consistent with female bias found in migraines. Interestingly, females were also found to be more likely to report any headache after 1 year of traumatic brain injury than males (74 vs. 63%) ([@B20]). In this study, 15 out of 27 patients reporting having at least one post-traumatic headaches were female. Besides gender correlation with certain headache types, current studies suggest a trend toward dose-dependent effect of tobacco smoking and other behavior stressors, like alcohol use, physical inactivity, obesity, and depression all working together to trigger headaches ([@B21]). In our cohort, 17% of patients reported smoking while 17% reported alcohol consumption.

Furthermore, the effectiveness of Onabotulinum toxin type A in treating multiple types of chronic, non-migraine headaches has several implications. First, because every patient must have failed at least two prophylactic treatments to qualify for BoNTA treatment, patients that were able to reduce their prophylaxis use during treatment suggest that BoNTA can reduce their associated side-effects. In this retrospective study, dosing changes of prophylactic medications were not available in the EMR, and future prospective study is necessary to quantify the dosage change of prophylactic treatments comparing BoNTA injections to pretreatment. Secondly, this study attempted to assess the role of BoNTA in impacting opioid dosing in chronic pain management. Our results from a sample size of nine patients suggest that BoNTA can reduce or stop opioid use or at least prevent dose escalation. For future study, it\'s possible to add the "follow-the-pain" protocol for additional BoNTA injections in patients whose chronic, non-migraine headaches did not respond initially to 12 months of BoNTA injection. In a prospective study of 155 patients receiving BoNTA injections for migraine and medication overuse headaches during a 2 years period, both 195 U and 155 U BoNTA injections were found to significantly reduce headache days, acute pain medication intake, and Headache Impact Test-6 scores compared to baseline. However, 195 U injection were superior in achieving all those measures compared to 155 U since the first injection and for all 2 years, suggesting a dose-dependent efficacy of BoNTA in treating migraine ([@B22]).

However, this study has several limitations. First, this is a retrospective chart review. Headache types were classified according to previous diagnosis made by different physicians. This raised the potential for lack of diagnosis standardization across physicians. For example, current literature suggests that post-traumatic headache, although primarily defined as a secondary headache by ICHD-3 diagnosis, may present with various primary headache phenotypes, with migraine being the most commonly reported followed by tension-type and cervicogenic headaches ([@B23]). Thus, it is possible that one physician characterized post-traumatic headaches with migraine phenotypes as a single secondary post-traumatic headache while another characterized the same headache as a secondary phenotype under the primary diagnosis of migraine and hence were excluded from this study.

The same limitation about characterizing post-traumatic headaches may have confounded the data from mixed headaches. Previously, a prospective study evaluating 212 patients within 1 week of mild traumatic brain injury found 91% cumulative incidence of post-traumatic headache at 1 year. Of those, up to 49% of headaches met criteria for migraine or probable migraine phenotype while up to 40% of headaches were characterized as tension-type ([@B24]). In this study, only patients with mixed headaches of migraine and post-traumatic etiologies demonstrated significant reduction in both pain severity and headache frequency at 6 and 12 months. Furthermore, post-traumatic headaches with obstructive sleep apnea and tension type phenotypes had significant pain reduction only at 6 months. These findings may be explained by these post-traumatic headaches having migraine phenotypes that were not reported. Thus, the effectiveness of BoNTA in treating mixed headaches with post-traumatic and migraine phenotypes may be confounded by the proven response of migraine headaches to BoNTA treatment alone. Similarly, another limitation to our study is that we had 51 out of 54 patients with "migraine-like" features as associated symptoms of their headaches. One can argue that patients with both non-migraine headaches and "migraine-like" features may have responded to BoNTA due to the action of BoNTA on the migraine components alone. However, isolating the effect of BoNTA to strictly headaches without migraine features is challenging in our small sample size of non-migraine headaches that are also predominantly associated with migraine-like features. This limitation can be modified with future prospective study, with exclusion criteria of patients with diagnosis of migraine in their mixed headaches and associated symptoms of migraine-like features.

Conclusions {#s5}
===========

Onabotulinum toxin A can improve patients\' headache tolerability for a number of chronic, non-migraine headaches. No unexpected treatment-related adverse events or reported side-effects were identified in any patient. Despite the limited sample size in this study, Onabotulinum toxin A may even play a role in reducing opioid use or at least prevent dose escalation in chronic headache pain management. Additional studies are needed to further elucidate the role of Onabotulinum toxin type A in chronic, non-migraine headache management.
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